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(54) Power transmission chain, and power transmission system

(57) At the peripheral edge of a through hole (2a), in
which one pin (3) or strip (4) in a link plate (2) is fixed, a
compressive residual stress is applied selectively to vi-

cinities of the outer corners of two upper and lower sides
confronting in the chain radial direction of said one pin
(3) or strip (4).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a power trans-
mission system such as a chain type continuously vari-
able transmission system to be adopted in a vehicle or
the like, and to a power transmission chain to be used in
the power transmission system.

2. Related Art

[0002] A continuously variable transmission (CVT) of
an automobile is exemplified to include an input pulley
disposed on the engine side, an output pulley disposed
on the drive wheel side, and an endless power transmis-
sion chain looped between the two pulleys. A known pow-
er transmission chain (as referred to JP-A-8-312725) in-
cludes a link plate having a pair of pin through holes, or
through holes into which pins are inserted, and a plurality
of first and second pin members, one of which is fixed in
the through hole whereas the other is inserted in a rolling
manner into the through hole, so that they can be bent
by the first and second pin members are brought into
rolling contact to each other relatively.
[0003] In case the power transmission chain of JP-A-
8-312725 is to be manufactured, it is generally performed
that the plural link plates are connected in a bendable
manner by pin members, and that a pretension is applied
to the endless loop chain thereby to apply a compressive
residual stress to the link plates thereby to strengthen
the link plates. If the excessive tensile load acts, when
the pretension is applied, on the link plates so that the
plastic deformation extends as wide as the portions need-
ing no plastic deformation, there arises a problem that
the durability of the chain cannot be sufficiently improved.

SUMMARY OF THE INVENTION

[0004] The present invention has been conceived in
view of such background, and has an object to provide
a power transmission chain having a high durability and
a power transmission system using the chain.
[0005] In order to achieve the aforementioned object,
the invention takes the following technical means.
[0006] According to the invention, there is provided a
power transmission chain comprising:

a plurality of overlapped link plates, each having a
pair of through holes; and
a plurality of first and second pin members connect-
ing said link plates to each other, of which one is
fixed and another other is inserted in a rolling manner
into said through holes, said first and second pin
members being relatively rotatable in rolling contact
with each other,

wherein a compressive residual stress is applied selec-
tively to vicinities of outer corners of two upper and lower
sides of said one pin member, which confront each other
in a chain radial direction.
[0007] According to the invention, the compressive re-
sidual stress is applied selectively to the vicinities of those
outer corners of the two upper and lower sides of the one
pin member, which confront each other in the chain radial
direction, so that the plastic deformation does not extend
to the unnecessary portion so that the durability of the
chain can be improved.
[0008] According to the invention, there is provided a
power transmission system comprising a first pulley hav-
ing a conical sheave face, a second pulley having a con-
ical sheave face, and a power transmission chain looped
between said first and second pulleys and contacting with
the sheave faces of said first and second pulleys thereby
to transmit a power between the two pulleys by a frictional
force, characterized in that said power transmission
chain is the aforementioned power transmission chain.
[0009] According to the invention, the aforementioned
power transmission chain having the high durability is
used so that the power transmission can be stably per-
formed for a long time.
[0010] According to the power transmission chain of
the invention, the compressive residual stress is applied
selectively to the vicinities of those outer corners of the
two upper and lower sides of the one pin member, which
confront each other in the chain radial direction, so that
the plastic deformation does not extend to the unneces-
sary portion so that the durability of the chain can be
improved. Moreover, the power transmission system of
the invention uses the aforementioned power transmis-
sion chain so that the power transmission can be stably
performed for a long time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a perspective view showing the state, in
which a power transmission chain is looped between
an input pulley and an output pulley.
Fig. 2 is a sectional view showing an essential con-
struction, in which the power transmission chain is
looped on the input pulley.
Fig. 3 is a perspective view schematically showing
an essential construction of the chain.
Fig. 4 is a front elevation of a three-cylinder type
preloading apparatus.
Fig. 5 is a front elevation of an essential portion of
the three-cylinder type preloading apparatus.
Fig. 6 is a sectional view of the vicinity of an upper
lower or a lower roller.
Fig. 7 shows FEM results of a link plate, to which a
preload of 12 kN is applied.
Fig. 8 shows FEM results of a link plate, to which a
preload of 16 kN is applied.
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Fig. 9 shows FEM results of a link plate, to which a
preload of 20 kN is applied.
Fig. 10 shows FEM results of a link plate, to which
a preload of 24 kN is applied.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] A mode of embodiment of the invention is de-
scribed in the following with reference to the accompa-
nying drawings. Fig. 1 and Fig. 2 show a chain type con-
tinuously variable transmission system C (as will also be
shortly referred to as the "continuously variable transmis-
sion system") according to one mode of embodiment of
a power transmission system of the invention, and Fig.
3 shows a power transmission chain 1 (as will also be
shortly referred to as the "chain") to be used in that con-
tinuously variable transmission system C. This continu-
ously variable transmission system C according to this
mode of embodiment is mounted on an automobile, for
example, and is equipped with an input pulley 10 made
of a metal (e.g., structural steel) as a first pulley, an output
pulley 20 made of a metal (e.g., structural steel) as a
second pulley, and the aforementioned power transmis-
sion chain 1 looped between the input pulley 10 and the
output pulley 20.
[0013] The input pulley 10 is so mounted on an input
shaft 11 connected to the engine side as to rotate inte-
grally therewith, and is equipped with a stationary sheave
12 having a conical sheave face 12a and a moving
sheave 13 having a conical sheave face 13a arranged
to confront the sheave face 12a. These sheave faces
12a and 13a form a V-shaped groove, by which the chain
1 is clamped and held by a strong pressure. To the mov-
ing sheave 13, on the other hand, there is connected the
hydraulic actuator (although not shown) for changing the
groove width. At a speed changing time, the moving
sheave 13 is moved to vary the groove width so that the
chain 1 can be moved to vary the winding radius of the
chain 1 relative to the input shaft 11.
[0014] On the other hand, the output pulley 20 is so
mounted on an output shaft 21 connected to the drive
wheel side as to rotate integrally therewith, and is
equipped, like the input pulley 10, with a stationary
sheave 23 and a moving sheave 22 having sheave faces
for forming a groove to clamp the chain 1 by a strong
pressure. To the moving sheave 22 of this pulley 20, like
the moving sheave 13 of the input pulley 10, there is
connected the hydraulic actuator (although not shown).
At a speed changing time, the moving sheave 13 is
moved in its axial direction to vary the groove width so
that the chain 1 can be moved to vary the winding radius
of the chain 1 relative to the output shaft 21.
[0015] The continuously variable transmission system
C thus constructed according to this mode of embodi-
ment can change the speed continuously in the following
manner. Specifically, in case the rotating speed of the
output shaft 21 is to be decelerated, the groove width on

the side of the input pulley 10 is enlarged by the move-
ment of the moving sheave 13 to reduce the winding di-
ameter of the chain 1 on the input shaft 11 while the pin
end faces 3a and 3b of the chain 1 being held in sliding
contact under a boundary lubricating condition toward
the inner sides of the conical sheave faces 12a and 13a.
On the side of the output pulley 20, on the other hand,
the groove width is reduced by the movement of the mov-
ing sheave 22 to enlarge the winding diameter of the
chain 1 on the output shaft 21 while the pin end faces 3a
and 3b of the chain 1 being held in sliding contact under
a boundary lubricating condition toward the outer sides
of conical sheave faces 22a and 23a.
[0016] Thus, the rotation of the output shaft 21 can be
decelerated. In case the rotating speed of the output shaft
21 is to be accelerated, on the other hand, the groove
width on the side of the input pulley 10 is reduced by the
movement of the moving sheave 13 to enlarge the wind-
ing diameter of the chain 1 on the input shaft 11 while
the pin end faces 3a and 3b of the chain 1 being held in
sliding contact under a boundary lubricating condition to-
ward the outer sides of the conical sheave faces 12a and
13a. On the side of the output pulley 20, on the other
hand, the groove width is enlarged by the movement of
the moving sheave 22 to reduce the winding diameter of
the chain 1 on the output shaft 21 while the pin end faces
3a and 3b of the chain 1 being held in sliding contact
under a boundary lubricating condition toward the inner
sides of conical sheave faces 22a and 23a. Thus, the
rotation of the output shaft 21 can be accelerated.
[0017] The description is made on the chain 1 to be
looped between the input pulley 10 and the output pulley
20. This chain 1 is constructed to include: a plurality of
link plates 2 made of a metal (e.g., carbon steel) and
acting as chain constructing members; a plurality of pins
3 made of a metal (e.g., bearing steel) and acting as first
or second pin members for connecting those link plates
2 to each other; and strips 4 acting as first or second pin
members slightly shorter than those pins 3. Here, the
illustration of the widthwise center portion of the chain 1
is partially omitted from Fig. 1.
[0018] The link plates 2 are shaped to have a substan-
tially identical gentle contour, and are individually provid-
ed with two through holes 2a. Each through hole 2a is
shaped to combine two elliptical shapes, which are elon-
gated in a direction perpendicular to the chain advancing
direction. The pins 3 connecting those link plates 2 are
rod members having side faces along the inner periph-
eries of the through holes 2a, and are all formed to have
a substantially identical shape. The pin end faces 3a and
3b are formed into protruding curved faces set to have a
predetermined curvature so that they contact with the
two pulleys to transmit the power. The strips 4 are made
slightly shorter than the pins, and are rod members which
have side faces along the inner peripheries of the through
holes 2a and which are all formed to have a substantially
identical shape. Moreover, the plural link plates 2 are
arranged in an overlapped manner, and are connected
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to each other in a bendable manner by inserting the pins
3 and the strips 4 into the through holes 2a of the link
plates 2 arranged to overlap each other.
[0019] The pin 3 and the strip 4 are so inserted into
one through hole 2a that one of them is press-fitted in
the through hole 2a whereas the other is rotatably insert-
ed while making rolling contact with the side face of one.
Moreover, the other is press-fitted in the through hole 2a
of one link plate 2 overlapping and adjoining to another
link plate 2. Moreover, said one is rotatably inserted into
the through hole 2a of said another link plate 2. Of the
pin 3 and the strip 4, one is press-fitted in the through
hole 2a whereas the other is rotatably inserted into the
through hole 2a, so that the link plates 2 are connected
in the bendable manner to each other. Thus, the bend-
able chain 1 is constructed by connecting the overlapped
link plates 2 in the bendable manner and by arranging
the overlapped link plates 2 in a chain width direction
perpendicular to the chain advancing direction.
[0020] In order to strengthen the individual link plates
2 composing the chain 1, the necessary portions of the
individual link plates 2 are plastically deformed to apply
the compressive residual stresses. In the manufacturing
process, therefore, the pins 3 and the strips 4 are inserted
into the through holes 2a to connect the link plates 2 in
the bendable manner to each other thereby to obtain an
endless loop chain 1p, and this endless loop chain 1p is
pretensed. A pretensing apparatus for applying the pre-
tension is described in the following.
[0021] Fig. 4 shows a preloading apparatus 100 acting
as the pretension applying apparatus for applying the
pretension to the chain 1p. This apparatus 100 is
equipped with an apparatus body 30, an hydraulic device
40 positioned on the lower side of the apparatus body
30, a platform 50; and a control device 60 arranged on
the side of the apparatus body 30. As shown in Fig. 5,
the apparatus body 30 is equipped with: guide posts 31
erected from the two right and left sides of the platform
50; a stationary support plate 32 mounted on the upper
ends of the guide posts 31; a stationary portion 33 fixed
on the stationary support plate 32; a lifting unit 34 posi-
tioned below the stationary portion 33; two upper rollers
35 mounted on the stationary portion 33; and a lower
roller 36 mounted on the lifting unit 34. The two upper
rollers 35 are supported at the same level positions, and
the lower roller 36 is so supported at such a lower position
as corresponds to the central portion between the two
upper rollers 35. These upper rollers 35 and lower roller
36 are so arranged that the chain 1p looped between the
rollers 35 and 36 forms a triangular shape in a front view.
[0022] In the two right and left sides of the lifting unit
34, moreover, there are individually formed through holes
34a, into which the aforementioned guide posts 31 are
inserted, so that the lifting unit 34 can vertically move
close to and apart from the stationary portion 33. As a
result, the lifting unit 34 is moved upward and downward
(i.e., into and out of the aforementioned triangle) by the
hydraulic device 40 disposed below the lifting unit 34, so

that the distances between the individual upper rollers
35 disposed on the stationary unit 33 and the lower roller
36 carried on the lifting unit 34 vary. Here in the central
portion of the stationary support plate 32, there is formed
an inlet port 32a, into which the upper portion of the lifting
unit 34 proceeds as lifting unit 34 rises.
[0023] Moreover, the upper rollers 35 and the lower
roller 36 are individually formed integrally with the leading
end of a support shaft 37, as shown in Fig. 6. These
support shafts 37 are rotatably supported individually by
bearings 38 in the stationary portion 33 and in the lifting
unit 34. As a result, the upper rollers 35 and the lower
roller 36 are so supported in a cantilever state as can
rotate on their individual axes s1 and s2. Moreover, the
stationary portion 33 is equipped with the not-shown roll-
er drive units, by which the upper rollers 35 are rotated.
At the leading ends of the upper rollers 35 and the lower
roller 36, moreover, there are mounted guide caps 39 for
mounting the chain 1p easily. The control device 60 con-
trols the hydraulic device 40 and the roller drive unit to
move the lower roller 36 upward and downward and to
rotate the upper rollers 35. Each of the upper rollers 35
and the lower roller 36 is equipped with a U-shaped
groove u for running the chain 1p. This chain 1p is looped
in the individual grooves u of the upper rollers 35 and the
lower roller 36. When the lower roller 36 is moved down-
ward in this state, a tensile load is applied to the chain 1p.
[0024] Here is specifically described a method for pre-
tensing the chain 1 by using the preloading apparatus
100 thus far described. At first, the lower roller 36 is lifted
together with the lifting unit 34, and the chain 1p is fitted
in and looped between the grooves u of the two upper
rollers 35 and the lower roller 36. Then, the lower roller
36 is lowered to tense the chain 1p. Next, the upper rollers
35 are rotated, and the lower roller 36 is further lowered
by a predetermined distance from the upper rollers 35.
The chain 1p is loaded with a tensile load while being
endlessly turned. Here, the chain 1p is endlessly turned
by several turns at a peripheral speed for an ordinary
use, in which the speed or the rollers take 1,000 rpm.
The number of turns of the chain 1p is 7 or less, preferably
1.
[0025] When the turns of the chain 1p are ended, the
rotations of the upper rollers 35 are stopped, and the
lower roller 36 is lifted together with the lifting unit 34.
The chain 1 is removed from the individual rollers 35 and
36 so that the preloaded chain 1 is obtained. By this pre-
tension applying method at a slower peripheral speed
and at a smaller turning number than those of the prior
art, plastic deformations are reliably caused exclusively
at those portions in the peripheral edge portions of the
through holes 2a of the link plate 2, to which a high force
is applied from the fixed pins 3 or strips 4, so that com-
pressive residual stresses are applied to those portions.
[0026] Fig. 7 to Fig. 10 present the results of the finite
element method (FEM) analyses of the stress distribu-
tions of the link plates 2 at the time when the pretension
was applied to the chain 1p. These FEM analyses are
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obtained in case the tensile load was applied again up
to 1,000 N(r) while imaging the practical use, after the
individual pretensions of 12 kN, 16 kN, 20 kN and 24 kN
were applied and then once released. Here, the maxi-
mum tensile load to be applied to the link plates were
1,500 N for a pretension of 12 kN, 2,000 N for 16 kN,
2,500 N for 20 kN, and 3,000 N for 24kN. In the following
the description is made as 1,500 N(r), in case the tensile
load of 1,500 N was applied to the link plates. In the in-
dividual Figures: (a) shows the time of 1, 000 N(r) in the
procedure where a specified pretension was applied; (b)
shows the time when the specified pretension was ap-
plied; (c) shows the time of 10 N(r) when the tensile load
was applied again; and (d) shows the time of 1,000 N(r).
[0027] From (a) and (b) of the individual Figures, it is
understood that a high force by the pretension is applied
in the peripheral edges of the through holes having the
pin members (e.g., the pins 3 or the strips 4) fixed, and
in the vicinity of the outer corners R of the through holes
on the two upper and lower sides confronting in the chain
radial direction of one pin member (e.g., the pin 3 or the
strip 4). In the Figures: the plastically deformed portions
are designated by s; the tensile stress portions by h; the
portions of the higher and lower stress values in the com-
pressive stress portions by a1 and a2. As seen from (b)
of the individual Figures, the plastic stress portions s are
especially concentrated near the through hole outer cor-
ners R. As the pretension becomes higher 12 kN, 16 kN,
- - -, and so on, the plastic deformation portions s extend.
Especially in Fig. 9 and Fig. 10, the plastic deformation
portions s widely extend. In view of (c) of the individual
Figures, at the time of 10 N(r) when the tensile load was
applied again, the compressive stress portion a2 is small
in Fig. 7 and Fig. 8, and the compressive stress portion
a2 extends wider in Fig. 9 and Fig. 10 in the procedure
where the tensile load was applied again.
[0028] The vicinities of the through hole outer corners
R are compared at (a) and (d) in the individual Figures.
As described above, (a) shows the time of the pretension,
and (d) shows the time of 1,000 (r) when the tension was
applied again. The variation of the plastic deformation
portions s is hardly recognized between (a) and (d) of
Fig. 7. The plastic deformation portion s exists in Fig. 8
(a) between Fig. 8(a) and Fig. 8(d), but the plastic defor-
mation portion is small or hardly exists in Fig. 8(b). Com-
paring (a) and (d) of Fig. 9 and Fig. 10, it is recognized
in (d) of the individual Figures that the plastic deformation
portion s become smaller, but that the tensile stress por-
tion h and the compressive stress portions a1 and a2
become larger.
[0029] From the aforementioned analytical results, the
plastic deformation portions s are concentrated near the
through hole outer corners R, to which the compressive
residual stress is applied. At the repeated tension loading
time supposing the practical use, the plastic deformation
portions s are shrunken till the pretension becomes 16
kN. When the pretension exceeds 20 kN, the tensile
stress portions h and the compressive stress portion a2

extend, and it is understood that the pretension is pref-
erably to be set to 12 kN to 16 kN. Therefore, the lower
roller 36 is so moved downward from the upper rollers
35 that the pretension may be 12 kN to 16 kN, and the
tensile load is applied to the chain 1p while the chain 1p
being endlessly turned. Moreover, both the peripheral
speed and the peripheral turns of the chain are sup-
pressed so that the plastic deformation does not extend
to the portions other than the vicinities of the through hole
outer corners R.
[0030] According to the chain 1 of the mode of embod-
iment thus far described, the vicinities of the through hole
outer corners R, against which the pins 3 and the strips
4 on the press-fitted and fixed sides abut, are plastically
deformed to establish the compressive residual stresses.
More specifically, the vicinities, at which the strongest
force is applied, of the link plates 2 are especially
strengthened to establish the so-called "shake-down
state", in which the metallic fatigue is prevented as a
result of a rise in the deformation resistance. Moreover,
the plastic deformation in the link plates 2 does not extend
to the unnecessary portions so that the durability of the
chain 1 can be improved.
[0031] Moreover, the power transmission system C of
the mode of embodiment thus far described employs the
aforementioned power transmission chain 1 having an
improved durability and a stabilized quality so that it can
perform the power transmission stably for a long time.
Here, the power transmission system of the invention
should not be limited to the mode, in which the groove
widths of both the input pulley and the output pulley fluc-
tuate, but may be exemplified by the mode, in which only
one groove width is fluctuated whereas the other is fixed
unfluctuant. In the foregoing mode, the groove width is
continuously fluctuated, but the invention can also be ap-
plied to another power transmission system, in which the
groove width is stepwise fluctuated or fixed. Moreover,
the pin members constituting the chain may also be com-
posed of pin bodies and contact members disposed on
the two end portions of the pin bodies. The chain may
also be of the block type having block members for clamp-
ing the overlapped link plates.

Claims

1. A power transmission chain comprising:

a plurality of overlapped link plates, each having
a pair of through holes; and
a plurality of first and second pin members con-
necting said link plates to each other, of which
one is fixed and another other is inserted in a
rolling manner into said through holes, said first
and second pin members being relatively rotat-
able in rolling contact with each other,
wherein a compressive residual stress is applied
selectively to vicinities of outer corners of two
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upper and lower sides of said one pin member,
which confront each other in a chain radial di-
rection.

2. The power transmission chain according to claim 1,
wherein a pair of the first and second pin members
are inserted into one through hole such that the first
pin is press-fitted in said through hole and the second
pin is rotatably inserted with rolling contact with a
side face of said first pin.

3. A power transmission system comprising:

a first pulley having a conical sheave face, a
second pulley having a conical sheave face, and
a power transmission chain looped between
said first and second pulleys and contacting with
the sheave faces of said first and second pulleys
thereby to transmit a power between the two pul-
leys by a frictional force,
wherein said power transmission chain is one
according to claim 1.

9 10 
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